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(57) ABSTRACT

The invention is directed to systems, methods and computer
program products for increasing the power efficiency of a
display. An exemplary system includes a transflective display
that is operable in either a transmissive mode or a reflective
mode, and an illumination source with one or more distinct
peaks in the illumination source’s transmission spectrum,
wherein light from the illumination source is directed towards
the transflective display during the transmissive mode of
operation. For the transmissive mode of operation, the trans-
flective display’s transmission spectrum is configured to sub-
stantially match the illumination source’s transmission spec-
trum such that one or more narrow passbands in the
transflective display’s transmission spectrum substantially
overlap with the one or more distinct peaks in the illumination
source’s transmission spectrum. For the reflective mode of
operation, the transflective display’s reflection spectrum is
substantially inversely related to the transflective display’s
transmission spectrum.

20 Claims, 8 Drawing Sheets

/_\sou

PROVIDING ILLUMINATION SOURCE WITH ONE OR MORE DISTINCT PEAKS IN
TRANSMISSION SPECTRUM

v

82
FOR THE TRANSMISSIVE MODE, CONFIGURING TRANSMISSION SPECTRUM OF
TRANSFLECTIVE LAYER TO SUBSTANTIALLY MATCH THE ILLUMINATION SOURCE'S

TRANSMISSION SPECTRUM
83&

¥

FOR THE REFLECTIVE MODE, CONFIGURING TRANSMISSION SPECTRUM OF
TRANSFLECTIVE LAYER TO SUBSTANTIALLY BE THE INVERSE OF THE
TRANSFLECTIVE LAYER'S TRANSMISSION SPECTRUM




U.S. Patent May 3, 2016 Sheet 1 of 8 US 9,329,432 B2

T

DD |
@.00@*

FIGURE 1



U.S. Patent May 3, 2016 Sheet 2 of 8 US 9,329,432 B2

218

Niumination source
{back ight puide Hlurdinated fromthe
side ar directly luminating system

SR S R

281
203

202

FIGURE 2



U.S. Patent May 3, 2016 Sheet 3 of 8 US 9,329,432 B2

410

230 [H 1450 11| &8 ]

445 ]
L B
> 400
4285 b 465
420 “THe- 4680
: —
| L
415 435 @ 458
Y
-

FIGURE 3



US 9,329,432 B2

Sheet 4 of 8

May 3, 2016

U.S. Patent

401

ARG LELEUIRY]

FIGURE 4

S200E
wopeHwn)
plysualy e
Eaﬁm% UCIBBHUEURI |

Wy

oawmeg [ 1
Wy _
18 Aysuny e




US 9,329,432 B2

Sheet 5 of 8

May 3, 2016

U.S. Patent

pors
g
“ 7

330G Uoneuin

T,.. -
IR R
4

FIGURE 5

[ =4
(=4
0
23IN05
He TR

o fymaaigy gy

wnisedg voiseIMsuRl

by yumipay
1 fymuay

w67

somog

by —

WL UoIoasN




US 9,329,432 B2
600

Sheet 6 of 8

May 3, 2016

U.S. Patent

2005 UOREURLAY

\\\\\\\\ a4 %u

Wm% Eﬁm

Freaegy e
il Ht

FIGURE 6

U . " ..
ety e 7
\\.. BAHON

by ey
10 fysuayy

sunog
WOREUIENY

phwa g K

yind wmm USHERIHLSUE] y 1 . ..
e | v w1 P o



US 9,329,432 B2

Sheet 7 of 8

May 3, 2016

U.S. Patent

00

a3n0g
UOREINY

o Aystay Vi llll,

winipedy uoIBsiusURL

W

ITIIIIIIIS:

By i0e0

ﬁ & mm %mm \

fuhy \

FIGURE 7

14617 ey
10 Aysusy

3

aameg |

oy —"

wnipedg uoyIsyeY




U.S. Patent May 3, 2016 Sheet 8 of 8 US 9,329,432 B2

///’_\Wm

PROVIDING ILLUMINATION SOURCE WITH ONE OR MORE DISTINCT PEAKS IN
TRANSMISSION SPECTRUM

v

FOR THE TRANSMISSIVE MODE, CONFIGURING TRANSMISSION SPECTRUM OF
TRANSFLECTIVE LAYER TO SUBSTANTIALLY MATCH THE ILLUMINATION SOURCE’S
TRANSMISSION SPECTRUM

830 +

FOR THE REFLECTIVE MODE, CONFIGURING TRANSMISSION SPECTRUM OF
TRANSFLECTIVE LAYER TO SUBSTANTIALLY BE THE INVERSE OF THE
TRANSFLECTIVE LAYER'S TRANSMISSION SPECTRUM

~ C

FIGURE 8



US 9,329,432 B2

1
HIGH POWER EFFICIENCY LCD

BACKGROUND

Transmissive displays provide enhanced performance in
many areas compared to transflective displays or purely
reflective displays. A transmissive display is illuminated from
the back by an illumination source/light source (e.g., a back-
light), and is viewed from the opposite side (i.e., the “front™).
This type of display may be used in applications requiring
high luminance levels (e.g., computer displays, televisions,
personal digital assistants (PDAs), mobile phones, etc.).
Unfortunately, the illumination source used to illuminate a
transmissive display usually consumes much more power
than the display.

One solution to this problem is to make the display reflec-
tive or transflective. A reflective display (e.g., often found in
digital watches or calculators) is illuminated by external light
reflected by a diffusing reflector located behind the display.
Although the absence of an illumination source reduces
power consumption in a reflective display, the contrast on
such displays is typically poorer than on transmissive dis-
plays. A transtlective display works as either a transmissive
display or areflective display, depending on the ambient light.
For example, a transflective display operates in a reflective
mode when external light levels are high, and in a transmis-
sive mode in darker environments via a backlight. Unfortu-
nately, transtlective displays are not as power efficient as
transmissive displays in the transmissive mode, and are not as
power efficient as reflective displays in the reflective mode.
Therefore, what is needed is a method to make transflective
displays more power efficient.

BRIEF SUMMARY

Embodiments of the invention are directed to systems,
methods and computer program products for increasing the
power efficiency of a display. In some embodiments, an
exemplary method includes providing an illumination source
with one or more distinct peaks in the illumination source’s
transmission spectrum; providing a transtlective display that
has a transmissive mode of operation and a reflective mode of
operation; directing light from the illumination source
towards the transflective display during the transmissive
mode of operation; configuring, for the transmissive mode of
operation, the transflective display’s transmission spectrum
to substantially match the illumination source’s transmission
spectrum such that one or more narrow passbands in the
transflective display’s transmission spectrum substantially
overlap with the one or more distinct peaks in the illumination
source’s transmission spectrum; and enabling light from an
ambient light source to illuminate the transflective display
during a reflective mode of operation, wherein for the reflec-
tive mode of operation, the transtlective display’s reflection
spectrum is substantially inversely related to the transflective
display’s transmission spectrum.

In some embodiments, the illumination source does not
direct light towards the transflective display during the reflec-
tive mode. In some embodiments, the display is a liquid
crystal display. In some embodiments, the illumination
source comprises one or more nano-LEDs or one or more
narrow spectrum light sources. In some embodiments, the
illumination source comprises one or more nano-wires/tubes
or one or more Quantum dots. In some embodiments, the
illumination source comprises one or more lasers.

In some embodiments, the transmission spectrum of the
illumination source can be modified such that the one or more
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distinct peaks in the illumination source’s transmission spec-
trum can be shifted. In some embodiments, the directing step
comprises directing, via one or more light tubes, light from
the illumination source towards the transflective display dur-
ing the transmissive mode of operation. In some embodi-
ments, the one or more light tubes are positioned under the
transflective display and wherein the one or more illumina-
tion source are positioned to the left or right side of the
transflective display.

In some embodiments, the transflective display comprises
a transtlective layer that is either integrated into the transtlec-
tive display or is a separate foil distinct from the transflective
display. In some embodiments, the illumination source pro-
vides red light, green light, and blue light such that the one or
more distinct peaks in the illumination source’s transmission
spectrum correspond to peaks associated with the red light,
the green light, and the blue light.

In some embodiments, the transflective display includes a
pixel array comprising one or more pixels, wherein each pixel
comprises either no sub-pixels or comprises one or more
sub-pixels associated with one or more colors. In some
embodiments, the transflective display is a field-sequential
display that switches between displaying images associated
with different colors, wherein an image associated with a
particular color is displayed during a predetermined time
interval. In some embodiments, the illumination source
switches between emitting light associated with different col-
ors such that the illumination source emits light associated
with the particular color during the predetermined time inter-
val. In some embodiments, the transflective display does not
reflect color during the reflective mode. In some embodi-
ments, wherein the transtlective display further comprises a
color filter such that color is reflected during the reflective
mode.

In some embodiments, the illumination source comprises a
first group of mini-illumination sources that is activated and a
second group of mini-illumination sources that is deactivated
such that a first part of an image presented on the transflective
display is darker compared to a second part of the image
presented on the transflective display.

In some embodiments, the directing step comprises direct-
ing, via a diffusor, light from the illumination source towards
the transflective display during the transmissive mode of
operation, wherein the diffusor controls how the light from
the illumination source is distributed onto the transflective
display.

In some embodiments, a system is provided for increasing
power efficiency of a transflective display. In some embodi-
ments, the system comprises a transflective display that is
operable in either a transmissive mode or a reflective mode;
and an illumination source with one or more distinct peaks in
the illumination source’s transmission spectrum, wherein
light from the illumination source is directed towards the
transflective display during the transmissive mode of opera-
tion. For the transmissive mode of operation, the transflective
display’s transmission spectrum is configured to substan-
tially match the illumination source’s transmission spectrum
such that one or more narrow passbands in the transflective
display’s transmission spectrum substantially overlap with
the one or more distinct peaks in the illumination source’s
transmission spectrum. For the reflective mode of operation,
the transflective display’s reflection spectrum is substantially
inversely related to the transflective display’s transmission
spectrum. Additionally, the system may be configured to per-
form the processes described the exemplary method above.

In some embodiments, a computer program product is
provided for increasing power efficiency of a transflective
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display. In some embodiments, the computer program prod-
uct comprises a non-transitory computer-readable medium
comprising code configured to cause a computer to: configure
properties of a transflective display, wherein the transflective
display has a transmissive mode of operation and a reflective
mode of operation; establish one or more distinct peaks for a
transmission spectrum associated with an illumination
source; initiate provision of light from the illumination source
to the transflective display during the transmissive mode of
operation; configure, for the transmissive mode of operation,
the transflective display’s transmission spectrum to substan-
tially match the illumination source’s transmission spectrum
such that one or more narrow passbands in the transflective
display’s transmission spectrum substantially overlap with
the one or more distinct peaks in the illumination source’s
transmission spectrum; and configure, for the reflective mode
of operation, the transflective display’s reflection spectrum
such that the reflective spectrum is substantially inversely
related to the transflective display’s transmission spectrum.
Additionally, the computer program product may be config-
ured to perform the processes described the exemplary
method above.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described embodiments of the invention in
general terms, reference will now be made to the accompa-
nying drawings, where:

FIG. 1 is a block diagram illustrating an exemplary device
that includes a display, in accordance with embodiments of
the present invention;

FIG. 2 is a block diagram illustrating a partial side eleva-
tion view, in partial cross section, of the display of the device
of FIG. 1, in accordance with embodiments of the present
invention;

FIG. 3 is ablock diagram illustrating a pixel of a pixel array
illustrated in FIG. 2, in accordance with embodiments of the
present invention;

FIG. 4 is a block diagram illustrating an embodiment of a
system environment for increasing the power efficiency of a
display, in accordance with embodiments of the present
invention;

FIG. 5 is a block diagram illustrating another embodiment
of a system environment for increasing the power efficiency
of a display, in accordance with embodiments of the present
invention;

FIG. 6 is a block diagram illustrating another embodiment
of a system environment for increasing the power efficiency
of a display, in accordance with embodiments of the present
invention;

FIG. 7 is a block diagram illustrating another embodiment
of a system environment for increasing the power efficiency
of a display, in accordance with embodiments of the present
invention; and

FIG. 8 is a flowchart illustrating a general process flow for
increasing the power efficiency of a display, in accordance
with embodiments of the present invention;

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Embodiments of the present invention now may be
described more fully hereinafter with reference to the accom-
panying drawings, in which some, but not all, embodiments
of the invention are shown. Indeed, the invention may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather,
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these embodiments are provided so that this disclosure may
satisfy applicable legal requirements. Like numbers refer to
like elements throughout.

Embodiments of the invention are directed to systems,
methods and computer program products for increasing the
power efficiency of a transflective display. As used herein, a
transflective display comprises a transflector or a transflective
layer. In some embodiments, this transtlective layer is inte-
grated into the display. In other embodiments, the transtlec-
tive layer may be provided as a foil distinct from the display.
In embodiments of the invention, the properties of the trans-
flective layer are configured or optimized based at least par-
tially on spectral properties of the illumination source that
provides light to the display and/or the transflective layer. As
explained previously, a transflective layer may have two
modes of operation: a transmissive mode and a reflective
mode.

As used herein, power efficiency in the transmissive mode
is the ratio of the amount of power actually used to illuminate
the transflective display in the transmissive mode to the
amount of power provided by the illumination source. As
used herein, power efficiency in the reflective mode is the
ratio of the amount of power actually used to illuminate the
transflective display in the reflective mode to the amount of
power associated with the amount of ambient light power as
determined by a light sensor associated with the transtlective
display.

In some conventional transflective displays, the transmis-
sive mode is associated with a higher power efficiency when
compared to the reflective mode. This is because the construc-
tion or configuration of the transflective display is such that
the transmissive mode is given higher priority when com-
pared to the reflective mode. This means that the transflective
display is designed for increasing power efficiency associated
with receiving emitted light from an illumination source and
illuminating the transflective display using the emitted light
from the illumination source. This also means that the trans-
flective display is not designed for increasing power effi-
ciency associated with receiving ambient light and illuminat-
ing the display using the received ambient light.

In other conventional transflective displays, the reflective
mode is associated with a higher power efficiency when com-
pared to the transmissive mode. This is because the construc-
tion or configuration of the transflective display is such that
the reflective mode is given higher priority when compared to
the transmissive mode. This means that the transflective dis-
play is not designed for increasing power efficiency associ-
ated with receiving emitted light from an illumination source
and illuminating the transflective display using the emitted
light. Instead, this means that the transflective display is
designed for increasing power efficiency associated with
receiving ambient light and illuminating the display using the
received ambient light.

Therefore, for the purposes of increasing the power effi-
ciency of a transflective display, there is an inherent conflict
between the transmissive mode and the reflective mode. The
present invention resolves this conflict by providing methods,
systems, and computer program products to simultaneously
increase power efficiency of a transflective display for both
the transmissive mode and reflective mode.

As used herein, a device may include a radiotelephone; a
personal communications system (PCS) terminal that may
combine a cellular radiotelephone with data processing, a
facsimile, and data communications capabilities; a personal
digital assistant (PDA) that can include a radiotelephone,
pager, Internet/intranet access, web browser, organizer, cal-
endar, a Doppler receiver, and/or global positioning system
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(GPS) receiver; a laptop; a GPS device; a personal computer;
an MP3 player; a printer; a facsimile machine; a pager; a
calculator; a camera (e.g., digital or video); and/or any other
device capable of utilizing a display.

FIG. 1 is a diagram of an exemplary device 100 according
to an implementation of the present invention described
herein. As shown in FIG. 1, device 100 may include a housing
110, a speaker 120, a display 130, control buttons 140, a
keypad 150, a microphone 160, and/or a camera 170. Housing
110 may protect the components of device 100 from outside
elements. Speaker 120 may provide audible information to a
user of device 100. Display 130 may provide visual informa-
tion to the user. For example, display 130 may provide infor-
mation regarding incoming or outgoing calls, games, phone
books, the current time, emails, etc. Control buttons 140 may
permit the user to interact with device 100 to cause device 100
to perform one or more operations. Keypad 150 may include
a standard telephone keypad and/or/or may include additional
keys to enable typing information into device 100. Micro-
phone 160 may receive audible information from the user.
Camera 170 may enable a user to capture and/or store video
and/or images (e.g., pictures).

Embodiments of the invention are not limited methods,
systems, and computer program products associated with
mobile device displays. Embodiments of the invention are
applicable to any display, e.g., a television display, a com-
puter display, etc.

FIG. 2 is a partial side elevation view, in partial cross
section, of display 130. As shown in FIG. 2, display 130 may
include an illumination source 200, a pixel array 210, a trans-
flective layer 230, etc. In some embodiments, the transtlective
layer 230 may be comprised within the pixel array 210, while
in other embodiments, the transflective layer 230 may be
provided separately from the pixel array 210. Display 130
may include other components (e.g., electrical components,
optical components, etc.) not shown in FIG. 2.

The illumination source 200 may include any device
capable of providing illumination or lighting to display 130
and/or pixel array 210 and/or transflective layer 230. As used
herein, an illumination source 200 may also be referred as an
illumination device, a backlight source, or a backlight device.
For example, illumination source 200 may include an incan-
descent light bulb, one or more light-emitting diodes (LEDs),
an electroluminescent panel (ELP), one or more cold cathode
fluorescent lamps (CCFL), one or more hot cathode fluores-
cent lamps (HCFL), etc. An incandescent light bulb may be
used when very high brightness is desired. LEDs may be used
in small, inexpensive displays, and may include colored or
white light. An ELP may be used for larger displays or when
even lighting is desired, and may be either colored or white.
CCFLs may be used on large displays (e.g., computer moni-
tors) and may be white in color. In another example, illumi-
nation source 200 may employ a diffuser or light guide to
provide even lighting from an uneven source. In still another
example, illumination source 200 can include any color light
source (e.g., yellow, green, blue, white, etc.) or any combi-
nation of colored/non-colored light sources.

In some embodiments, light may be directly provided from
the illumination source 200 to the transflective layer 230. In
such embodiments, the illumination source 200 may be posi-
tioned adjacent to and/or under the transflective layer 230.
However, in other embodiments, a light guide may be pro-
vided to guide light from the illumination source 200 to the
transflective layer 230. In such embodiments, the illumina-
tion source 200 need not be positioned adjacent to and/or
under the transflective layer 230. In such embodiments, the
illumination source 200 may be positioned to right or left side
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of' the transflective layer 230 and a light guide may be used to
direct light to the transflective layer 230. In such embodi-
ments, the light guide may be positioned under (or behind) the
transflective layer 230. The light guide may receive light from
the illuminations source 200 that is positioned to the right or
left side of the transflective layer 230, and may reflect the
received light towards the transflective layer 230.

Pixel array 210 may include any device capable of provid-
ing visual information (e.g., text, images, video, incoming or
outgoing calls, games, phone books, the current time, emails,
etc.) to a user. For example, pixel array 210 may include a
liquid crystal display (LCD), such as a thin film transistor
(TFT) LCD display, or a high performance addressing (HPA)
LCD display.

In one implementation of the present invention, pixel array
210 may include any number of color and/or monochrome
pixels arrayed in front of a light source (e.g., illumination
source 200). In another implementation, pixel array 210 may
include electrodes on one side of pixel array 210 that may be
grouped and wired together with gate or column lines, and
each group may receive its own voltage source. Pixel array
210 may further include electrodes on another side of pixel
array 210 that may be grouped and wired together with row
lines, and each group may receive its own voltage sink. The
groups may be designated so that each pixel of pixel array 210
may have a unique combination of source and sink.

In still another implementation of the present invention,
pixel array 210 may include a passive-matrix structure or an
active-matrix structure. In a passive-matrix structure, each
row or column of pixel array 210 may include a single elec-
trical circuit, and the pixels may be addressable one at a time
by row and column addresses. Pixels may maintain their
states between refreshes without the benefit of an electrical
charge. In an active-matrix structure, a matrix of TFTs may be
added to the polarizing and color filters, and each pixel may
include its own dedicated TFT that allows each gate or col-
umn line to access one pixel. [f arow line is activated, the gate
lines may be connected to arow of pixels and a correct voltage
may be driven onto all of the gate lines. The row line may be
deactivated, and the next row line may be activated. All row
lines may be activated in sequence during a refresh operation.

In a further implementation of the present invention, if
pixel array 210 is a color array, each pixel may be divided into
three cells, or subpixels, which may be colored red, green, and
blue by additional filters (e.g., pigment filters, dye filters,
metal oxide filters, etc.). Each subpixel may be controlled
independently to yield thousands or millions of possible col-
ors for each pixel. In other implementations, each pixel of
pixel array 210 may include more or less than three subpixels
of'various colors other than red, green, and blue. In still other
implementations, each pixel of pixel array 210 includes a
single monochromatic subpixel. In embodiments of the
invention, each pixel (and each subpixel associated with each
pixel) of pixel array 210 can be configured or adapted to pass
light of wavelengths transmitted from the illumination source
200.

In embodiments where the pixel array performs the func-
tion of the transflective layer, each pixel or subpixel may
include a transmissive section and a reflective section that
permits the pixel or subpixel to work as either a transmissive
display or a reflective pixel, respectively. For example, the
pixel or subpixel may work reflectively when illumination
source 200 is de-energized or turned off, and may work trans-
missively when illumination source 200 is energized or
turned on.

FIG. 3 is a partial side elevation view of an exemplary pixel
400 of pixel array 210 of FIG. 2. Although FIG. 3 shows a
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color pixel 400, in other implementations, exemplary pixel
400 may include monochrome pixels. As shown, pixel 400
may include a red subpixel 415, a green subpixel 435, and a
blue subpixel 455, which may be associated with a row line
405 and gate lines 410. As explained previously, in other
embodiments, pixel 400 may include a single monochromatic
subpixel.

As further shown in FIG. 3, red subpixel 415 may be
associated with a reflective section 420, a transmissive sec-
tion 425, and a TFT 430. Ambient light may be reflected by
reflective section 420 in the standby mode. Reflective section
420 may use a color filter (e.g., red) to create color. Ambient
light may pass through reflective section 420 and through the
color filter, may be reflected by reflective section 420 (and
pass through the color filter again), and may be viewed as red
subpixel 415. Transmissive section 425 may include any
material that may be illuminated from the back (e.g., with
illumination source 200), and is viewed from the opposite
side (i.e., the front). Transmissive section 425 may also use
the color filter (e.g., red) to create color. Light from illumi-
nation source 200 may be transmitted through transmissive
section 425 and the color filter, and may be viewed as red
subpixel 415. TFT 430 may be electrically coupled to row line
405 and to a corresponding one of gate lines 410. TFT 430
may permit row line 405 and/or the corresponding one of gate
lines 410 to access red subpixel 415.

Green subpixel 435 may be associated with a reflective
section 440, a transmissive section 445, and a TFT 450.
Ambient light may be reflected by reflective section 440 in the
standby mode. Reflective section 440 may use a color filter
(e.g., green) to create color. Ambient light may pass through
reflective section 440 and through the color filter, may be
reflected by reflective section 440 (and pass through the color
filter again), and may be viewed as green subpixel 435. Trans-
missive section 445 may include any material that may be
illuminated from the back (e.g., with illumination source
200), and is viewed from the opposite side (i.e., the front).
Transmissive section 445 may also use the color filter (e.g.,
green) to create color. Light from illumination source 200
may be transmitted through transmissive section 445 and the
color filter, and may be viewed as green subpixel 435. TFT
450 may be electrically coupled to row line 405 and to a
corresponding one of gate lines 410. TFT 450 may permit row
line 405 and/or the corresponding one of gate lines 410 to
access green subpixel 435.

As further shown in FIG. 3, blue subpixel 455 may be
associated with a reflective section 460, a transmissive sec-
tion 465, and a TFT 470. Ambient light may be reflected by
reflective section 460 in the standby mode. Reflective section
460 may use a color filter (e.g., blue) to create color. Ambient
light may pass through reflective section 460 and through the
color filter, may be reflected by reflective section 460 (and
pass through the color filter again), and may be viewed as blue
subpixel 455. Transmissive section 465 may include any
material that may be illuminated from the back (e.g., with
illumination source 200), and is viewed from the opposite
side (i.e., the front). Transmissive section 465 may also use
the color filter (e.g., blue) to create color. Light from illumi-
nation source 200 may be transmitted through transmissive
section 465 and the color filter, and may be viewed as blue
subpixel 455. TFT 470 may be electrically coupled to row line
405 and to a corresponding one of gate lines 410. TFT 470
may permit row line 405 and/or the corresponding one of gate
lines 410 to access blue subpixel 455.

Referring now to FIG. 4, an exemplary system environ-
ment 401 is provided for increasing the power efficiency of a
display 130, in accordance with embodiments of the present
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invention. The pixel array 210 provided in the display 130 can
be based on any of the previously described pixel array con-
figurations, e.g., pixels with monochromatic subpixels, pixels
with color subpixels (e.g., red, green, blue subpixels, etc.),
pixels with no sub-pixels, etc. The transflective layer 230 has
been described previously. The sun 260 is a representation of
the ambient light source. Additionally, the display 130
includes a light sensor that is not shown in FIG. 4. The
illumination source 200 has been described previously. In
some embodiments, the illumination source 200 is part of the
display 130, while in other embodiments, the illumination
source 200 is separate from the display 130. As shown in FIG.
4, the illumination source 200 emits RGB (red, green, and
blue) light. However, embodiments of the invention are not
limited to any particular type (or wavelengths) of light emit-
ted by the illumination source 200.

In some embodiments, the red light, the green light, and the
blue light are emitted simultaneously by the illumination
source 200. However, in other embodiments, each of the red
light, the green light, and the blue light are emitted by the
illumination source 200 during separate distinct time inter-
vals. Therefore, in such embodiments, when the red light is
emitted during a particular time interval, neither the green
light nor the blue light is emitted during that particular time
interval. Similarly, when the green light is emitted during a
particular time interval, neither the red light nor the blue light
is emitted during that particular time interval. Similarly, when
the blue light is emitted during a particular time interval,
neither the green light nor the red light is emitted during that
particular time interval. In some embodiments, there might be
an idle non-zero time interval between the emitting of each
type of light.

Embodiments of the invention are directed to any illumi-
nation source for which one or more narrow bands of wave-
lengths of light can be selected for emission from the illumi-
nation source 200, i.e., a user may configure (e.g., via a user
interface associated with the system) the illumination source
200 to emit light associated with one or more distinct narrow
bands of wavelengths. For example, in some embodiments,
the illumination source 200 may be configured to emit a light
associated with a single distinct wavelength or a very narrow
band of wavelengths. As explained further below, in some
embodiments, in response to the user’s configuration of the
illumination source 200, the transmission spectrum of the
transflective layer 230 of the display 130 may automatically
configure itself such that the narrow passbands of the trans-
mission spectrum of the transflective layer 230 automatically
overlap with the newly configured peaks of the of illumina-
tion source’s transmission spectrum.

The illumination source 200 is not limited to any specific
technology. In some embodiments, the illumination source
200 may include one or more narrow spectrum light sources,
such as one or more nano-LEDs. In some embodiments, the
illumination source 200 may include one or more lasers. In
some embodiments, the illumination source 200 uses nano-
based technology. For example, the illumination source 200
may include one or more Quantum dots. As a further example,
the illumination source 200 comprises one or more nano-wire
LEDs which have a selectable dominant wavelength (e.g.,
selectable via a user interface associated with the system) and
a stable transmission spectrum. As explained with the illumi-
nation source 200 described previously, the nano-wire LEDs
may be placed behind or under the LCD display 130 (e.g.,
blue phase LCD display). In still other embodiments, the
illumination source 200 may include a combination of the
various types of illumination sources described herein.
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In some embodiments, the illumination source 200 is a
linear system, which means that the light is directly guided
straight from the illumination source 200 to the display 130
(or the transflective layer 230). In other embodiments, the
illumination source 200 may be a non-linear system, which
means that the light is not guided straight from the illumina-
tion source 200 to the display 130, instead, the light may be
guided to the display 130 via one or more light guides, which
may be located under or behind the display 130.

Embodiments of the invention are directed to configuring
the properties of the transflective layer 230 such that the
transmission spectrum 492 of the transflective layer 230 sub-
stantially matches the actual spectrum 491 of the illumination
source 200. As explained previously, in some embodiments,
the transflective layer 230 may be part of the pixel array 210.
In some embodiments, a user of the system may configure the
properties (e.g., the transmission spectrum 492) of the trans-
flective layer 230 via a user interface associated with the
system. In some embodiments, a passband of the transmis-
sion spectrum 492 of the transflective layer 230 may be
slightly broader than the width of a crest associated with light
emitted from the illumination source 200. In other embodi-
ments, a passband of the transmission spectrum 492 of the
transflective layer 230 may be slightly narrower than the
width of a crest associated with light emitted from the illu-
mination source 200. The width of a crest may be the width at
the bottom of the crest, the width in the middle ofthe crest, the
width close to the top or at the top of the crest, etc.

This matching of the spectrums of the illumination source
200 and the transflective layer 230 enables increase in power
efficiency during both the transmissive mode and the reflec-
tive mode for the transflective layer 230. The graph on the
right side of FIG. 4 is the graph for the transmissive mode of
the transflective layer 230. The x-axis of this graph represents
the wavelengths of light. The y-axis ofthe graph in FIG. 4 and
all other graphs described herein represents the intensity of
light. As indicated by this graph, the transflective layer 230 is
configured to allow light associated with red, green, and blue
wavelengths to pass through the transflective layer 230. By
allowing light associated with wavelengths of the illumina-
tion source 200 to pass through the transflective layer 230
during the transmissive mode, the transflective layer 230
enables more light emitted from the illumination source 200
to illuminate information presented on the display 130,
thereby increasing the power efficiency during the transmis-
sive mode. Additionally, by matching the spectrums of the
illumination source 200 and the transflective layer 230, less
light received from the illumination source 200 is blocked by
the transflective layer 230.

The graph on the left side of FIG. 4 is the graph for the
reflective mode of the transflective layer 230. As indicated by
this graph, the transflective layer 230 is configured to block
light associated with wavelengths of light emitted from the
illumination source 200 (i.e., red, green, blue wavelengths).
Also as indicated by this graph, in the reflective mode, the
transflective layer 230 is configured 494 to pass light associ-
ated with wavelengths other than red, green, and blue wave-
lengths. By allowing light associated with wavelengths other
than wavelengths of the illumination source 200 to be
reflected 261 by the transtlective layer 230 during the reflec-
tive mode, the transflective layer 230 enables more light 493
from the ambient light source 260 to illuminate information
presented on the display 130, thereby increasing the power
efficiency during the reflective mode. Additionally, by match-
ing the spectrums of the illumination source 200 and the
transflective layer 230, less light received from the ambient
light source 260 is blocked by the transflective layer 230. In
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some embodiments, the spectrum 494 for the reflective mode
may need to be separately configured, while in other embodi-
ments, configuring the transmission spectrum 492 of the
transflective layer 230 automatically results in the reflection
spectrum 494 being configured for the reflective mode.

Therefore, when narrow band RBG (red green blue) light is
used for the illumination source 200 and the transflective
layer’s transmission spectrum 492 is configured to allow the
RGB light to pass through the transflective layer 230 during
the transmissive mode, high levels of transmission and low
levels of transmission loss, can be achieved during the trans-
missive mode. When the transflective layer’s reflection spec-
trum 494 is configured allow light other than RGB light to
pass through the transflective layer 230 during the reflective
mode, high reflectance or reflectivity and low levels of reflec-
tion loss, can be achieved during the reflective mode. There-
fore, the transflective layer 230 is transmissive only for the
wavelengths emitted from the RGB LEDs, thereby achieving
greater reflectivity without losing much transmissivity in the
transmissive mode.

Referring now to FIG. 5, another exemplary system envi-
ronment 500 is provided for increasing the power efficiency
of a display 130, in accordance with embodiments of the
present invention. The above description with respect to FI1G.
4 also applies to FIG. 5. In the embodiment presented in FIG.
5, the display 130 is a field-sequential display. As used herein,
a field-sequential display is a system in which color images
(e.g., primary color images) are transmitted as a continuous
stream of successive images, such that a human eye (or other
imaging system) combines the continuous stream of color
images into a unified color image. Therefore, the display 130
in FIG. 5 is a fast-switching display that supports field
sequential colors. The field sequential colors are not limited
to the primary colors (red, green, blue) described herein and
may refer to any other color in the visible spectrum (e.g.,
violet, indigo, yellow, orange, or a combination of any num-
ber of colors in the visible spectrum). As indicated in FIG. 5,
in one embodiment, RGB light from the illumination source
200 switches in phase with the field sequential display 130.
Therefore, for example, when red light is emitted by the
illumination source 200 during a particular time interval, the
transflective layer 230 associated with the display 130 is
configured to match its transmission spectrum 492 to the red
light emitted by the illumination source 200 such that the
transmissivity of red light through the transtlective layer 230
is high. Similarly, the transmission spectrum 492 of the trans-
flective layer 230 is configured to substantially block all
wavelengths of light that are not red light during the same
particular time interval. Therefore, when the illumination
source 200 switches from emitting red light to emitting blue
light, a transflective layer 230 also switches from a transmis-
sion spectrum 492 that passes red light to a transmission
spectrum 492 that passes blue light. In some embodiments, a
user of the system may configure or control the switching
intervals for each of the colors of light emitted from the
illumination source 200. For example, a user may configure
the system via a user interface of the system such that each
color of light (e.g., red, green, and blue) are associated with
equal emission time intervals. As a further example, a user
may configure the system such that one color of light has a
greater emission time interval compared to another color of
light.

For the display 130 presented in FIG. 5, each pixel of the
pixel array 210 does not need to include a red subpixel, a
green subpixel, and a blue subpixel, and instead may just
include one or more monochromatic subpixels. When each
pixel does not include RGB subpixels and includes only one
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or more monochromatic subpixels or when each pixel does
not include sub-pixels, at all, the display 130 cannot reflect
color in the reflective mode. In alternate embodiments, each
pixel of the pixel array 210 may include one or more subpix-
els, where each subpixel is associated with a different color
(e.g., red subpixel, green subpixel, blue subpixel). In the
embodiment presented in FIG. 5, the illumination source 200
may use nano-based technology as described previously in
order to increase power efficiency in both the transmissive
and reflective modes.

Referring now to FIG. 6, another exemplary system envi-
ronment 600 is provided for increasing the power efficiency
of a display 130, in accordance with embodiments of the
present invention. The above description with respect to FI1G.
4 also applies to FIG. 6. Additionally, the above description
with respect to FI1G. 5 may apply to FIG. 6. In some embodi-
ments, the display 130 presented in FIG. 6 is a field-sequential
display, while in other embodiments, the display 130 pre-
sented in FIG. 6 is not a field-sequential display. The configu-
ration of the system presented in FIG. 6 may not affect color
presented in the transmissive mode. In the embodiment pre-
sented in FIG. 6, the display 130 uses a color filter to achieve
color in the reflective mode. The color filter may be a separate
foil that is used along with the display 130, or the color filter
may be integrated into the display 130. In some embodiments,
the color filter may be configured such only particular colors
(e.g., red and blue) are displayed in the reflective mode. In
some embodiments, a user of the system may customize
properties (e.g., wavelengths of light that passes through the
color filter, wavelengths of light that are blocked by the color
filter, etc.) of the color filter using an interface associated with
the system. In some embodiments of the system presented in
FIG. 5, the illumination source 200 is not configured to con-
tinuously switch or scan red light, green light, and blue light.
In other embodiments of the system presented in FIG. 5, the
illumination source 200 may be configured to continuously
switch or can red light, green light, and blue light, similar to
the embodiment presented in FIG. 5. As with FIG. 5, pixels
comprised within the pixel array 210 located in the display
130 may comprise one or more monochromatic subpixels, or
may comprise one or more subpixels, where each subpixel is
associated with a different color (e.g., red subpixel, green
subpixel, blue subpixel).

Additionally, as with the embodiments in FIGS. 4 and 5,
high transmissivity is achieved in the transmissive mode, and
high reflectance is achieved in the reflective mode. In some
embodiments a light sensor associated with the display 130 is
configured to measure the ambient light. A processor associ-
ated with the system is then configured to compare the mea-
sured ambient light with a predetermined threshold amount.
In some embodiments, the display 130 is configured to dis-
play color in the reflective mode when the ambient light is
greater than or equal to a predetermined threshold amount,
and is not configured to display color in the reflective mode
when the ambient light is not greater than a predetermined
threshold amount. In some embodiments, a user may be able
to modify this predetermined threshold amount via a user
interface associated with the system.

Referring now to FIG. 7, another exemplary system envi-
ronment 700 is provided for increasing the power efficiency
of a display 130, in accordance with embodiments of the
present invention. The above description with respect to FI1G.
4 also applies to FIG. 7. Additionally, the above description
with respect to FIGS. 5 and 6 may apply to FIG. 7. In the
embodiment presented in FIG. 7, local dimming is combined
with a transflective layer 230 as described in FIGS. 4, 5, and
6. The illumination source 200 presented in FIG. 7 may
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comprise a large number of smaller illumination sources
(may be based on nano technology as described earlier)
placed adjacent to the display 130. In some embodiments,
each of these illumination sources can work independently
from the other illumination sources. In other embodiments,
each illumination source is part of a group of illumination
sources that works independently from other groups of illu-
mination sources, while illumination sources in each group
work together (i.e., they are activated and deactivated
together). In some embodiments, these illumination sources
may be placed under the display 130. In other embodiments,
these illumination sources need not be placed under the dis-
play 130 (e.g., the illumination sources may be placed to the
right or left side of a display), and one or more light guides,
which may be placed under or behind the display 130, may be
used to direct light from the illumination source 200 towards
the display 130. In still other embodiments, one group of
illumination sources may be placed under the display 130,
while other groups of illumination sources may be placed on
the left or right side of the display 130.

Using a large number of illumination sources enables local
dimming or area dimming because some of the illumination
sources that direct light to a particular area of the display 130
may be activated while other illumination sources that direct
light to a different area of the display 130 may be deactivated.
This allows selective dimming of the display 130 which
enables power conservation and increase in contrast ratios.
Therefore, using the configuration of the system in FIG. 7, a
part of the image presented on the display 130 may be dark,
while another part of the image presented on the display 130
may be bright. In some embodiments, the amount of dimming
associated with an illumination source 200 may be controlled
as well. Therefore, a user may control or configure (e.g., via a
user interface associated with the system) the number of
illumination sources that are activated and/or deactivated and
which illumination sources are activated and/or deactivated.
In this way, a user may configure which area of the display
130 is bright and which area of the display 130 is dark.
Additionally, the user may configure the intensity of bright-
ness (or darkness) associated with bright (or dark) areas by
controlling the number of illumination sources that are acti-
vated (or deactivated) or by controlling the diffusor’s prop-
erties (as described below)

In some embodiments, power efficiency in both the trans-
missive and reflective modes may be obtained when the illu-
mination sources are nano-wire LEDs (e.g., with config-
urable or customizable transmission spectrums) as described
previously. In some embodiments, a user of the system may
configure how each of the illumination sources is activated or
deactivated as a function of time using a user interface asso-
ciated with the system.

FIG. 7 also presents a diffusor (or a diffusing optics sys-
tem) that is positioned adjacent to the display 130. In the
embodiment presented in FIG. 7, the diffusor is positioned
under the display 130 and is positioned over or on top of the
illumination source 200, which as described previously may
comprise numerous smaller illumination sources. Light from
the illumination source 200 (or from light tubes that receive
light from the illumination source 200) reaches the transtlec-
tive layer via the diffusor. In some embodiments, the diffusor
is separate from the display 130 and separate from the illu-
mination source 200, which comprises a plurality of smaller
illumination sources as described previously. In other
embodiments, the diffusor may be integrated either into the
display 130 or into the illumination source 200. The diffusor
reduces hotspots or uneven light distribution by controlling
the distribution of light from the illumination sources on to
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the display 130 or on to the transflective layer 230 of the
display 130. In some embodiments, a user of the system may
configure properties (e.g., how light received from the illu-
mination sources is distributed to the display 130) of the
diffusor via a user interface associated with the system. The
properties may not only include how the light from the illu-
mination sources is spread or distributed onto the display 130
(some areas may receive more light than others), but also how
the light from the illumination sources is distributed or spread
onto the display 130 as a function of time.

LED technologies, such as Quantum dots and nanotubes,
are well suited to support both local dimming as described
herein with respect to FIG. 7 and a transflective layer 230 as
described in FIGS. 4, 5, 6, and 7. Therefore, embodiments of
the invention are directed to combining nano-technology
based LEDs (e.g., chromatic LEDs such as RGB LEDs or
LEDs associated with any other color or combination of
colors) with an illumination source with local dimming, and
configuring or adapting a transflective layer of an LCD dis-
play (which may even be a fast-switching LCD display) based
on the spectrum of the LEDs in order to obtain a power
efficient LCD display.

In some embodiments, a user interface as described herein
may be presented on the display presented in the Figures. In
other embodiments, a user interface as described herein may
be presented on a separate display different from the display
presented in the Figures.

Referring now to FIG. 8, a general process flow 800 is
provided for increasing the power efficiency of a display, in
accordance with embodiments of the present invention. At
block 810, an illumination source is provided with one or
more distinct peaks in the transmission spectrum (e.g., peaks
for red, green, and blue light). In some embodiments, a user of
the system may be allowed to configure the transmission
spectrum of the illumination source by selecting one or more
peaks. At block 820, the transmission spectrum of a transflec-
tive layer associated with a display is configured to substan-
tially match the illumination source’s transmission spectrum
for the transmissive mode of the transflective layer. In some
embodiments, a user may be allowed to configure the trans-
mission spectrum of the transflective layer for the transmis-
sive mode. By allowing light associated with wavelengths of
the illumination source to pass through the transflective layer
during the transmissive mode, the transflective layer enables
more light emitted from the illumination source to illuminate
information presented on the display, thereby increasing the
power efficiency during the transmissive mode.

At block 830, for the reflective mode, the transmission
spectrum of a transflective layer associated with a display is
configured to substantially be the inverse of the transtlective
layer’s transmission spectrum for the transmissive mode. In
some embodiments, a user may be allowed to configure the
transmission spectrum of the transflective layer for the reflec-
tive mode. In alternate embodiments, for the reflective mode,
the transmission spectrum of the transflective layer is
inversely related to or is configured to substantially be the
inverse of the illumination source’s transmission spectrum.
By allowing light associated with wavelengths other than
wavelengths of the illumination source to be reflected by the
transflective layer during the reflective mode, the transflective
layer enables more light from the ambient light source to
illuminate information presented on the display, thereby
increasing the power efficiency during the reflective mode. In
some embodiments, when the transflective layer changes
from the transmissive mode to the reflective mode (e.g., when
ambient light intensity falls below a predetermined thresh-
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0ld), the transflective layer changes from using the transmis-
sion spectrum to using the reflection spectrum in order to filter
ambient light.

In some embodiments, a transflective layer switches from
the reflective mode to the transmissive mode (or maintains the
transmissive mode) when a processor associated with the
display receives an ambient light level measured by a light
sensor associated with the display, compares the ambient
light level with a predetermined threshold, and determines
that the ambient light level is less than the predetermined
threshold. In such embodiments, when the transmissive mode
is initiated, the illumination source is activated and directs
light towards the transflective layer resulting in the display
being illuminated by light received from the illumination
source.

In some embodiments, a transflective layer switches from
the transmissive mode to the reflective mode (or maintains the
reflective mode) when a processor associated with the display
receives an ambient light level measured by a light sensor
associated with the display, compares the ambient light level
with a predetermined threshold, and determines that the
ambient light level is greater than or equal to the predeter-
mined threshold. In such embodiments, when the reflective
mode is initiated, the illumination source is deactivated and
the display is illuminated only with light received from the
ambient light source.

In accordance with embodiments of the invention, the term
“module” with respect to a system (or a device) may refer to
a hardware component of the system, a software component
of'the system, or a component of the system that includes both
hardware and software. As used herein, a module may include
one or more modules, where each module may reside in
separate pieces of hardware or software.

Although many embodiments of the present invention have
just been described above, the present invention may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will
satisfy applicable legal requirements. Also, it will be under-
stood that, where possible, any of the advantages, features,
functions, devices, and/or operational aspects of any of the
embodiments of the present invention described and/or con-
templated herein may be included in any of the other embodi-
ments of the present invention described and/or contemplated
herein, and/or vice versa. In addition, where possible, any
terms expressed in the singular form herein are meant to also
include the plural form and/or vice versa, unless explicitly
stated otherwise. Accordingly, the terms “a” and/or “an” shall
mean “one or more,” even though the phrase “one or more” is
alsoused herein. Like numbers refer to like elements through-
out.

As will be appreciated by one of ordinary skill in the art in
view of this disclosure, the present invention may include
and/or be embodied as an apparatus (including, for example,
a system, machine, device, computer program product, and/
or the like), as a method (including, for example, a business
method, computer-implemented process, and/or the like), or
as any combination of the foregoing. Accordingly, embodi-
ments of the present invention may take the form of an
entirely business method embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, stored procedures in a database, etc.), an entirely hard-
ware embodiment, or an embodiment combining business
method, software, and hardware aspects that may generally
be referred to herein as a “system.” Furthermore, embodi-
ments of the present invention may take the form of a com-
puter program product that includes a computer-readable
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storage medium having one or more computer-executable
program code portions stored therein. As used herein, a pro-
cessor, which may include one or more processors, may be
“configured to” perform a certain function in a variety of
ways, including, for example, by having one or more general-
purpose circuits perform the function by executing one or
more computer-executable program code portions embodied
in a computer-readable medium, and/or by having one or
more application-specific circuits perform the function.

It will be understood that any suitable computer-readable
medium may be utilized. The computer-readable medium
may include, but is not limited to, a non-transitory computer-
readable medium, such as a tangible electronic, magnetic,
optical, electromagnetic, infrared, and/or semiconductor sys-
tem, device, and/or other apparatus. For example, in some
embodiments, the non-transitory computer-readable medium
includes a tangible medium such as a portable computer
diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a compact disc
read-only memory (CD-ROM), and/or some other tangible
optical and/or magnetic storage device. In other embodiments
of the present invention, however, the computer-readable
medium may be transitory, such as, for example, a propaga-
tion signal including computer-executable program code por-
tions embodied therein.

One or more computer-executable program code portions
for carrying out operations of the present invention may
include object-oriented, scripted, and/or unscripted program-
ming languages, such as, for example, Java, Perl, Smalltalk,
C++, SAS, SQL, Python, Objective C, JavaScript, and/or the
like. In some embodiments, the one or more computer-ex-
ecutable program code portions for carrying out operations of
embodiments of the present invention are written in conven-
tional procedural programming languages, such as the “C”
programming languages and/or similar programming lan-
guages. The computer program code may alternatively or
additionally be written in one or more multi-paradigm pro-
gramming languages, such as, for example, F#.

Some embodiments of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of apparatus and/or methods. It will be understood
that each block included in the flowchart illustrations and/or
block diagrams, and/or combinations of blocks included in
the flowchart illustrations and/or block diagrams, may be
implemented by one or more computer-executable program
code portions. These one or more computer-executable pro-
gram code portions may be provided to a processor of a
general purpose computer, special purpose computer, and/or
some other programmable data processing apparatus in order
to produce a particular machine, such that the one or more
computer-executable program code portions, which execute
via the processor of the computer and/or other programmable
data processing apparatus, create mechanisms for imple-
menting the steps and/or functions represented by the flow-
chart(s) and/or block diagram block(s).

The one or more computer-executable program code por-
tions may be stored in a transitory and/or non-transitory com-
puter-readable medium (e.g., a memory, etc.) that can direct,
instruct, and/or cause a computer and/or other programmable
data processing apparatus to function in a particular manner,
such that the computer-executable program code portions
stored in the computer-readable medium produce an article of
manufacture including instruction mechanisms which imple-
ment the steps and/or functions specified in the flowchart(s)
and/or block diagram block(s).
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The one or more computer-executable program code por-
tions may also be loaded onto a computer and/or other pro-
grammable data processing apparatus to cause a series of
operational steps to be performed on the computer and/or
other programmable apparatus. In some embodiments, this
produces a computer-implemented process such that the one
or more computer-executable program code portions which
execute on the computer and/or other programmable appara-
tus provide operational steps to implement the steps specified
in the flowchart(s) and/or the functions specified in the block
diagram block(s). Alternatively, computer-implemented
steps may be combined with, and/or replaced with, operator-
and/or human-implemented steps in order to carry out an
embodiment of the present invention.

While certain exemplary embodiments have been
described and shown in the accompanying drawings, it is to
be understood that such embodiments are merely illustrative
of and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and
arrangements shown and described, since various other
changes, combinations, omissions, modifications and substi-
tutions, in addition to those set forth in the above paragraphs,
are possible. Those skilled in the art will appreciate that
various adaptations, modifications, and combinations of the
just described embodiments can be configured without
departing from the scope and spirit of the invention. There-
fore, it is to be understood that, within the scope of the
appended claims, the invention may be practiced other than as
specifically described herein.

What is claimed is:

1. A method for increasing power efficiency of a transtlec-
tive display, the method comprising:

providing an illumination source with at least one distinct

peak in the illumination source’s transmission spec-
trum;

providing a transflective display that has a transmissive

mode of operation and a reflective mode of operation;
receiving user configuration of the illumination source,
wherein the user configuration results in directing light
from the illumination source towards the transflective
display during the transmissive mode of operation;

in response to the user configuration of the illumination

source, automatically configuring, by a computer pro-
cessor, for the transmissive mode of operation, the trans-
flective display’s transmission spectrum to substantially
match the illumination source’s transmission spectrum
such that at least one narrow passband in the transflective
display’s transmission spectrum substantially overlaps
with the at least one distinct peak in the illumination
source’s transmission spectrum; and

enabling light from an ambient light source to illuminate

the transflective display during a reflective mode of
operation, wherein for the reflective mode of operation,
the transflective display’s reflection spectrum is sub-
stantially inversely related to the transflective display’s
transmission spectrum.

2. The method of claim 1, wherein the illumination source
does not direct light towards the transflective display during
the reflective mode.

3. The method of claim 1, wherein the display is a liquid
crystal display.

4. The method of claim 1, wherein the illumination source
comprises at least one nano-LED or at least one other narrow
spectrum light source.

5. The method of claim 1, wherein the illumination source
comprises at least one nano-wires/tube or at least one Quan-
tum dot.
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6. The method of claim 1, wherein the illumination source
comprises at least one laser.

7. The method of claim 1, wherein receiving the user con-
figuration of the illumination source further comprises
receiving the user configuration of the illumination source
that modifies the transmission spectrum of the illumination
source such that the at least one distinct peak in the illumina-
tion source’s transmission spectrum is shifted.

8. The method of claim 1, wherein receiving the user con-
figuration further comprises:

receiving the user configuration of the illumination source,

wherein the user configuration results in directing, via at
least one light tube, light from the illumination source
towards the transflective display during the transmissive
mode of operation.

9. The method of claim 8, wherein the at least one light tube
is positioned under the transflective display and wherein the
illumination source is positioned to the left or right side of the
transflective display.

10. The method of claim 1, wherein the transflective dis-
play comprises a transflective layer that is either integrated
into the transflective display or is a separate foil distinct from
the transflective display.

11. The method of claim 1, wherein the illumination source
provides red light, green light, and blue light such that the at
least one distinct peak in the illumination source’s transmis-
sion spectrum corresponds to peaks associated with the red
light, the green light, and the blue light.

12. The method of claim 1, wherein the transflective dis-
play includes a pixel array comprising at least one pixel,
wherein each pixel comprises either no sub-pixels or com-
prises at least one sub-pixel associated with at least one color.

13. The method of claim 1, wherein the transflective dis-
play is a field-sequential display that switches between dis-
playing images associated with different colors, wherein an
image associated with a particular color is displayed during a
predetermined time interval.

14. The method claim 13, wherein the illumination source
switches between emitting light associated with different col-
ors such that the illumination source emits light associated
with the particular color during the predetermined time inter-
val.

15. The method of claim 1, wherein the transflective dis-
play does not reflect color during the reflective mode.

16. The method claim 1, wherein the transtlective display
further comprises a color filter such that color is reflected
during the reflective mode.

17. The method of claim 1, wherein the illumination source
comprises a first group of mini-illumination sources that is
activated and a second group of mini-illumination sources
that is deactivated such that a first part of an image presented
on the transflective display is darker compared to a second
part of the image presented on the transflective display.

18. The method of claim 1, wherein receiving the user
configuration further comprises:

receiving the user configuration of the illumination source,

wherein the user configuration results in directing, via a
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diffusor, light from the illumination source towards the
transflective display during the transmissive mode of
operation, wherein the diffusor controls how the light
from the illumination source is distributed onto the
transflective display.

19. A system for increasing power efficiency of a transtlec-
tive display, the system comprising:

a transflective display that is operable in either a transmis-

sive mode or a reflective mode; and

an illumination source with at least one distinct peak in the

illumination source’s transmission spectrum, wherein
the system is configured to provide for user configura-
tion of the illumination source, such that the user con-
figuration results in directing light from the illumination
source towards the transflective display during the trans-
missive mode of operation,

wherein, in response to the user configuration of the illu-

mination source, for the transmissive mode of operation,
the transflective display’s transmission spectrum is
automatically configured to substantially match the illu-
mination source’s transmission spectrum such that at
least one narrow passband in the transflective display’s
transmission spectrum substantially overlaps with the at
least one distinct peak in the illumination source’s trans-
mission spectrum, and

wherein, for the reflective mode of operation, the transflec-

tive display’s reflection spectrum is substantially
inversely related to the transflective display’s transmis-
sion spectrum.

20. A computer program product for increasing power
efficiency of a transflective display, the computer program
product comprising:

a non-transitory computer-readable medium comprising

code configured to cause a computer to:

receive user configurations that (1) configure properties
of a transflective display, wherein the transflective
display has a transmissive mode of operation and a
reflective mode of operation and (2) establish at least
one distinct peak for a transmission spectrum associ-
ated with an illumination source;

initiate provision of light from the illumination source to
the transflective display during the transmissive mode
of operation;

in response to receiving the user configurations auto-
matically configure, for the transmissive mode of
operation, the transflective display’s transmission
spectrum to substantially match the illumination
source’s transmission spectrum such that at least one
narrow passband in the transflective display’s trans-
mission spectrum substantially overlaps with the at
least one distinct peak in the illumination source’s
transmission spectrum; and

configure, for the reflective mode of operation, the trans-
flective display’s reflection spectrum such that the
reflective spectrum is substantially inversely related
to the transflective display’s transmission spectrum.
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